addition, examinations for general bacteria, E. coli and Staphylococcus spp., fungi, yeast and heat-resistant bacteria, all gave negative results. Values for 239 agricultural chemical residues in the black soybean extract examined were all less than the levels of detection.
Diet preparation and analysis
Test material was weighed for each dose level, added to a small amount of irradiated (6.0 kGy) MF powdered diet (Oriental Yeast, Ltd., Tokyo, Japan), ground with a mortar (premix), and then stored in a refrigerator (recordlevel was then re-ground with a small amount of powdered diet and added to remaining powdered diet to the required level (weight/weight) and mixed in a blender, Japan) for 30 min. Treatment diets were put in plastic boxes, shielded from the light and stored in a refrigerator -ried out once before commencement of the experiment.
Stability and concentration analysis of test material in the prepared diets could not be performed, since analytical methods have not been established at the present time.
Animals and husbandry
pathogen-free rats were obtained from Charles River Laboratories Japan, Inc. (Kanagawa, Japan) and allowed a 1-week quarantine and acclimation period, during which body weight and general conditions were monitored.
ment was started at 6 weeks of age.
The rats were housed in transparent polypropylene cages (3 rats/cage) on hardwood chip bedding (Beta chip, Northeastern Products Co., Warrensburg, NY, USA) in an environment-controlled room. Constant conditions of --vide 12-hr lighting (7:00-19:00) each day. Control or test Twenty eight-day feeding study rats/sex/group) using a randomized block design, so that the weight distribution was similar and initial mean body weights were approximately equal. The remaining rats were excluded from the study. The animals were administered diet containing black soybean extract at doses of levels was based on the aforementioned food additive guideline (March 22, 1996) . The animals were observed daily for abnormalities, and individual body weights were recorded weekly. Food and water consumption was measured over a 2-day period before each weighing. An ophthalmologic examination was performed for 6 animals/ --tive estimation (Multi-Stick; Miles Sankyo, Inc., Tokyo, Japan) of protein, glucose, ketones, bilirubin, occult blood and urobilinogen was included. Specific gravity values were measured using a hand-held refractometer, model N (Atago Co., Ltd., Tokyo, Japan) and levels of urinary electrolytes (sodium, potassium and chlorine) were determined using a Hitachi Biochemical Automatic Analyzer 7070 (Hitachi Ltd., Tokyo, Japan). Urine volumes were measured by weighing and samples were examined macroscopically, urinary sediments being stained with Labostain (Muto Pure Chemicals Ltd., Tokyo, Japan) for microscopic assessment. In addition, fresh urine samples were obtained and urinary pH values were measured using a pH meter (Horiba Ltd., Kyoto, Japan).
then killed under ether anaesthesia. Blood samples were collected via the abdominal aorta from all rats and hematological estimations were carried out using an F-820 automatic blood cell counter (Sysmex Co., Ltd., Hyogo, Japan) for the erythrocyte count (RBC), total white blood cell count (WBC), hemoglobin concentration (HGB), hematocrit (HCT), platelet count (PLT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC). Coagulation times were measured using the DRIHEMATO system COAG1 (A&T Co., Kanagawa, Japan) for the prothrombin time (PT) and the activated partial thromboplastin time (APTT). Differential percentages of leukocytes and reticulocyte counts (RET) were made by microscopy of Wright and Brecher-stained blood smears, respectively.
Blood biochemistry determinations were performed with a Hitachi-Biochemical Automatic Analyzer 7070 (Hitachi Ltd.). Parameters were aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline total bilirubin (T-BIL), blood urea nitrogen (BUN), creatinine (CRE), glucose (GLU), total cholesterol (T-CHO), phospholipid (PL), triglyceride (TG), total protein (TP), albumin (ALB), albumin/globulin ratio (A/G), inorganic phosphate (IP), calcium (CA), magnesium (MG), sodium (NA), potassium (K) and chlorine (CL).
Gross observations were made at necropsy and recordrat were weighed and organ to body weight ratios determined: heart, spleen, thymus, adrenals, pituitary, thyroids, lungs (including bronchus), salivary glands, liver, kidneys, testes, epididymides, seminal vesicles, prostate (including ventral, anterior and dorsorateral lobe), ovaries (including oviduct), uterus, and brain. Samples of these organs and of the aorta, lymph nodes (including cervical and mesenteric lymph nodes), nasal cavity (turbinates), larynx, trachea, tongue, esophagus, stomach, small intestine (duodenum, jejunum and ileum), large intestine (cecum, colon and rectum), pancreas, urinary bladder, epididymis, vagina, spinal cord, peripheral nerve, eye, Harderian gland, skin, mammary gland, skeletal muscle, bones (sternum and femur) and bone marrow, Zymbal's gland, and any other tissues of abnormal appearance -logical examination was performed on haematoxylin and eosin-stained tissue sections of the organs and tissues listed above for the control and the highest dose group rats. For those organs in which gross lesions were observed, microscopic examination was also carried out, in the low and mid dose groups.
Statistical analysis
The significance of differences between control and treated groups for each parameter, excluding general condition, food consumption, and water consumption, were weight, urinalysis, hematology, blood biochemistry and organ weight data were analyzed by Bartlett's test (eval-for mean values of each group following the decision tree mentioned below. Homogeneous data in Bartlett's test were subjected to the one-sided Dunnett's parametric multiple comparative test. Heterogeneous data in Bartlett's test were subjected to the one-sided Steel's nonpardifferences in incidences of findings from urinalysis, gross pathology and histopathology were analyzed by the one-sided Fisher's exact probability test. The two-sided Wilcoxon test was employed for comparison of degrees of change. Statistical analysis was not performed for ophthalmology, since no changes were found.
RESULTS

Antemortem investigations
No deaths were observed in either sex of control, or black soybean extract-treated groups during the course of the study. Regarding general conditions, no signs of abnormality were observed in either sex of control, or black soybean extract-treated groups during the course -bean extract, when compared to the controls, during the course of the study (Fig. 1) . Food and water consumption was comparable to the control values (Table 2) .
Average test material intake for males and females -( Table 2 ).
Laboratory investigation
bean extract treated groups.
3). This change was considered to be of no toxicological - group were normal, serum electrolytes were within normal ranges, and no histopathological changes were found in the kidney.
From the hematology results, no treatment-related and values were within the historical control data (96.7--es were also minimal and values were within the histori- Values are mean ± S.D. for group of 6 rats.
noted in other parameters.
Pathology
No apparent gross change consider to be related to the test material administration were noted at necropsy (data not shown).
Statistically significant lowering of relative epidiwas considered that these changes were incidental, since weights of other male reproductive and accessory sex organs were normal, and these organs were histopatho--soybean extract, but this change was not dose-dependent.
organs. On histopathological examination, no treatment-relatsoybean extract group (Table 7) . All histopathological alterations observed in the present study were considered to be incidental or spontaneous.
DISCUSSION
In the present 28-day feeding study of black soybean extract in both sexes of Crl:CD(SD)IGS rats, no treatment-related changes regarding clinical signs, survival rates, body weights, food consumption, water consumption, ophthalmology, hematology, blood biochemistry, organ weight, gross and microscopic pathology were observed. On urinalysis, elevated K was noted in females high content of K in black soybean extract, and therefore Black soybean extract has been used as a folk medicine (Hayashi 1998; Yamai, 2001 ) and hot water extracts are known to enhance ciliary activity, with transport of mucous towards the pharynx (Yamai, 2001) , as well as significant antiviral activity (Yamai et al., 2003) . Although we paid especial attention to airway cells, particularly ciliated epithelial cells in the larynx and trachea, no histopathological alterations were noted.
It is well established that short-term ingestion of raw soybean (unprocessed soybeans), containing trypsin inhibitor (TI), stimulates the exocrine pancreas, leading to increased enzyme production, or pancreatic enlargement and acinar cell hyperplasia (Gumbmann et al., 1989; Liener and Kakade, 1980) . However, it was reported that the contents of TI become markedly reduced in processed (roasted or boiled) soybeans , and pancreatic alterations do not develop in rats fed processed soybeans (Gumbmann et al., 1986; Hammond et al., 1996) . Similalry, in the present study, no pancreatic lesions were observed in any rat of the highest dose group. As black soybean extract used in this study contained calculated from the test material intake (3,618 mg/kg/day - Values are mean ± S.D. for group of 6 rats. ** P < 0.01. mately 7-8 mg/kg/day. The value was less than the nofor genistein, which is a major isoflavone contained in soybean (McClain et al., 2006) . The black soybean extract used in this study had a total saponin content of 310 mg/100 g, this being almost the -bean seeds (EFSA, 2009; Ireland et al., 1986; Shi et al., - kg/day for females) were about 11 mg/kg/day for males and 13 mg/kg/day for females. In general, saponins have low oral bioavailability and toxicity, but toxicity studies on oral exposure to soybean saponins have yet to be conducted (EFSA, 2009). However, Cho et al. (2009) , recently reported that the lowest-observed-adverse-effect levdietary level in their study. Nutritional and toxicity studies of conventional soybean have been performed as non-transgenic controls (Cromwell et al., 2002; Hammond et al., 1996; Rodgers, 1998; Teshima et al., 2000) . No remarkable compositionbetween conventional soybean (Cromwell et al., 2002) and black soybean extract. Anthocyanins have been found in soybean seed coat in black soybean (Todd and Vodkin, 1993) , and the content in the extract used in the present toxicologically negligible, since anthocyanins derived from other edible plants are quite safe, and the NOAEL as in our previous studies (Nabae et al., 2008; Sano et al., 1996) .
In conclusion, the present results indicated the toxic Subacute toxicity of black soybean extract in rats
